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(54) POWER TAKE-OFF UNIT RING GEAR SHAFT, MANUFACTURING METHOD THEREOF AND

APPARATUS COMPRISING THE SAME

(67)  The invention relates to a power take-off unit
ring gear shaft, a method of manufacturing such a power
take-off unit ring gear shaft and an apparatus comprising
the power take-off unit ring gear shaft. The ring gear shaft
oftheinvention has an annular shaft wall which surrounds
a hollow inner cavity that extends throughout the entire
gear shaft in an axial direction, and hollow portions are

[Figure 4]

formed in the shaft wall. The invention realizes a light-
weight product, helps to realize a lightweight entire ve-
hicle, and meanwhile reduces machining areas, thus im-
proving production efficiency of machining, reducing pro-
duction cost of product, reducing labor intensity and im-
proving productivity.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to the technical field of
manufacturing vehicle elements and components; spe-
cifically, the invention relates to a power take-off unit ring
gear shaft of vehicle. The invention further relates to a
method of manufacturing such a power take-off unit ring
gear shaft and an apparatus comprising the power take-
off unit ring gear shaft.

BACKGROUND OF THE INVENTION

[0002] The power take-off unit (PTU) is used in a ve-
hicle (e.g., commercial Vehicle passenger vehicle) to out-
putthe power to the outside. For example, in a four-wheel
drive vehicle, the PTU is connected to a front engine and
transmission so as to transmit the torque to a rear axle.
[0003] The PTU ring gear shaft is one of the important
components of the PTU. Fig. 1 shows a schematic view
of the PTU ring gear shaft in the prior art, wherein a right
side end 1 is the input end which is connected to the
transmission case via a coupling sleeve, a bearing is
mounted to a left side end 2 so as to be fitted with the
PTU case, and an intermediate flange 3 is connected to
abevel gear so as to transmit the power to the rear output
shaft. In the prior art, the PTU ring gear shaft is designed
to be a solid circular ring, which does not meet a light-
weight requirement.

[0004] In the prior art, PTU ring gear shafts are mostly
manufactured using machining methods. Firstly, a suit-
able tubing material or bar material is selected; then, the
inner and outer sides of the material are cut and formed.
Such a way of manufacturing has a high cost, a low uti-
lization rate of material and a low production efficiency,
thus making it not suitable for massive production. More
importantly, this manufacturing method destroys metal
streamline, thus greatly reducing the performances of
elements.

[0005] In the prior art, there is also a method for man-
ufacturing PTU ring gear shaft, in which a blank is pro-
duced by firstly cold-pressing precision molding and forg-
ing, and then precision machining. This method also has
the defect of low utilization rate of material. Meanwhile,
whether cold-pressing molding or forging, a high require-
ment is put on the mold; moreover, the mold has a very
high cost and the service life of it is also not long, and
meanwhile a large-tonnage press machine is required.
The elements produced by cold-pressing and by forging
have a poor plasticity and impact ductility as well as a
large residual stress, which will result in a deformation
of elements and a reduction in the resistance to stress
corrosion.

SUMMARY OF THE INVENTION

[0006] The object of the invention is to provide a power
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take-off unit ring gear shaft and a method of manufactur-
ing the same which can overcome the above defects in
the prior art.

[0007] Further, the object of the invention is also to
provide an apparatus which comprises the power take-
off unit ring gear shaft.

[0008] In order to achieve the above objects, a first
aspect of the invention provides a power take-off unit ring
gear shaft, wherein the gear shaft has an annular shaft
wall which surrounds a hollow inner cavity that extends
throughout the entire gear shaft in an axial direction, and
hollow portions are formed in the shaft wall.

[0009] Optionally, in the above described gear shaft,
the hollow portions are evenly distributed in the circum-
ferential direction in the shaft wall.

[0010] Optionally, in the above described gear shaft,
the gear shaft has a support end that is adapted to be
mounted to a power take-off unit case via a bearing, and
an intermediate flange that is adapted to fix a bevel gear,
wherein the hollow portions are located between the sup-
port end and the intermediate flange.

[0011] Optionally, in the above described gear shaft,
the inner cavity is a step-like mold cavity.

[0012] Optionally, in the above described gear shaft,
the gear shaft has an input end that is opposite to the
support end, and the thickness of the shaft wall at the
input end is larger than that of the shaft wall at the side
of the support end.

[0013] Optionally, in the above described gear shaft,
the gear shaft is made of spheroidal graphite iron mate-
rial.

[0014] Optionally, in the above described gear shaft,
the spheroidal graphite iron material is QT700-10.
[0015] Inorder to achieve the above objects, a second
aspect of the invention provides an apparatus comprising
any of the above described gear shafts according to the
first aspect.

[0016] Optionally, the above described apparatus is a
vehicle power take-off unit or a vehicle.

[0017] In order to achieve the above objects, a third
aspect of the invention provides a method for manufac-
turing any of the above described gear shafts according
to the first aspect, wherein the method comprises:

step A: using a sand mold casting process to cast a
blank of the gear shaft, wherein the blank has the
inner cavity and the hollow portions; and

step B: machining an outer cavity of the blank so as
to form the gear shaft.

[0018] The invention realizes a lightweight product,
helps to realize a lightweight entire vehicle, and mean-
while reduces machining areas, thus improving produc-
tion efficiency of machining, reducing production cost of
product, reducing labor intensity and improving produc-
tivity.
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BRIEF DESCRIPTION OF THE ACCOMPANYING
DRAWINGS

[0019] The disclosure of the invention will become
more apparent with reference to the accompanying draw-
ings. It should be understood that the drawings are mere-
ly provided for illustrative purpose, and are not intended
to limit the scope of protection of the invention, wherein:

Fig. 1 is a schematic view of the vehicle power take-
off unit ring gear shaft in the prior art;

Fig. 2 is a schematic perspective view of the ring
gear shaft according to an embodiment of the inven-
tion;

Fig. 3 is a A-A sectional view of the ring gear shaft
in Fig. 2;

Fig. 4 is a schematic perspective view of the ring
gear shaft according to another embodiment of the
invention;

Fig. 5 is a B-B sectional view of the ring gear shaft
in Fig. 4; and

Fig. 6 shows a schematic state in which the ring gear
shaft in Fig. 4 is on a casting core.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] Specific embodiments of the invention will be
described below with reference to the accompanying
drawings, in which identical or similar technical features
are denoted by identical reference signs.

First embodiment

[0021] Fig. 2 is a schematic perspective view of the
ring gear shaft according to a first embodiment of the
invention, and Fig. 3 is a A-A sectional view of the ring
gear shaft.

[0022] Asshown,the powertake-off unit ring gear shaft
10 has an annular shaft wall, the cross sections of which
at various axial positions are circular rings having iden-
tical or different sizes. The shaft wall can comprise a sup-
port end 11, an input end 12, an intermediate flange 13
or the like that are integrally formed with the shaft wall,
and the ways of forming these components comprise but
are not limited to machining, press molding, forging
and/or casting, etc. As can be seen from the drawings,
the shaft wall surrounds a hollow inner cavity 15 which
extends throughout the entire gear shaft 10 in an axial
direction, and additional shafts may also extend inside
the cavity. Two hollow portions 14 are illustratively
formed in the shaft wall.

[0023] Thesupportend 11 of the gearshaft10is adapt-
ed to be mounted to a power take-off unit case on the
vehicle via a bearing, whereby the gear shaft 10 can ro-
tate inside the power take-off unit. An end of the gear
shaft 10 which is opposite to the support end 11 is the
input end 12 which is used for receiving power from the
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transmission box. The intermediate flange 13 which is
adapted to fix a bevel gear (not shown) is located be-
tween the supportend 11 and the inputend 12. The bevel
gear can output the received power to a rear axle of the
vehicle. It can be seen that power is transmitted in a se-
quence of the transmission box- the input end 12-the
intermediate flange 13- the bevel gear- the vehicle rear
axle, and the support end 11 serves to support and po-
sition and does not bear a very high torque.

[0024] Accordingtotheillustrated embodiment, hollow
portions 14 having an oblong shape can be formed in the
shaft wall. The hollow portions 14 are preferably evenly
distributed in the circumferential direction in the shaft
wall. It can be conceived that under the premise the per-
formance requirements on the ring gear shaft are met,
providing these hollow portions in the shaft wall is advan-
tageous for structure optimization, thus realizing a light-
weight product. Since a very high torque is not borne
between the support end 11 and the intermediate flange
13, the hollow portions 14 are preferably located between
the support end and the intermediate flange. If permitted
by performance, hollow portions may be also formed at
the input end 12 or other positions. It can be understood
that in other embodiments, in case that the performance
of the ring gear shaft 10 is ensured, the number, shape
and arrangement of the hollow portions can be changed.
Those skilled in the art will understand that whether the
performance design of product meets requirements of
working conditions can be verified by finite element cal-
culation.

[0025] It can be seen from Fig. 3 that in this embodi-
ment, the inner cavity 15 of the shaft wall of the ring gear
shaft 10 is of a smooth column shape, and the thickness-
es of the shaft wall at the support end 11 and the input
end 12 are the same. The inner cavity of the shaft wall
can be formed by casting or by machining (without being
limited thereto), etc., The ring gear shaft 10 in this em-
bodiment can be formed by cutting out the hollow portions
14 in a prior artring gear shaft having a solid circular ring
structure.

[0026] More preferably, the ring gear shaft 10 in this
embodiment can be manufactured by casting using a
spheroidal graphite iron material. For example, the sphe-
roidal graphite iron material can be QT700-10. Using this
spheroidal graphite iron material greatly improves the re-
liability of casting the ring gear shaft. It can be known that
in this casting method, a blank of the ring gear shaft can
be firstly cast using a sand mold casting process so that
the blank has an inner cavity and hollow portions, and
then the outer cavity of the blank can be machined so
that the gear shaft is formed.

Second embodiment

[0027] Fig. 4 is a schematic perspective view of the
ring gear shaft according to a second embodiment of the
invention, and Fig. 5 is a B-B sectional view of the ring
gear shaft.
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[0028] Asshown,the powertake-off unit ring gear shaft
20 also has an annular shaft wall, the cross sections of
which at various axial positions are circular rings. The
shaft wall can comprise a support end 21, an input end
22, an intermediate flange 23 or the like that are integrally
formed with the shaft wall, and the ways of forming these
components comprise but are not limited to machining,
press molding, forging and/or casting, etc. As can be
seen from the drawings, the shaft wall surrounds a hollow
inner cavity which extends throughout the entire gear
shaft 20 in an axial direction, and additional shafts may
also extend inside the cavity. Four hollow portions 24 are
illustratively formed in the shaft wall.

[0029] Thesupportend21 of the gearshaft20is adapt-
ed to be mounted to a power take-off unit case on the
vehicle via a bearing, whereby the gear shaft 20 can ro-
tate inside the power take-off unit. An end of the gear
shaft 20 which is opposite to the support end 21 is the
input end 22 which is used for receiving power from the
transmission box. The intermediate flange 23 which is
adapted to fix a bevel gear (not shown) is located be-
tween the supportend 21 and the inputend 22. The bevel
gear can output the received power to a rear axle of the
vehicle. It can be seen that power is transmitted in a se-
quence of the transmission box- the input end 22-the
intermediate flange 23- the bevel gear- the vehicle rear
axle, and the support end 21 serves to support and po-
sition and does not bear a very high torque.

[0030] Accordingto theillustrated embodiment, hollow
portions 24 having an oblong shape can be formed in the
shaft wall. The hollow portions 24 are preferably evenly
distributed in the circumferential direction in the shaft
wall. It can be conceived that under the premise the per-
formance requirements on the ring gear shaft are met,
providing these hollow portions in the shaft wall is advan-
tageous for structure optimization, thus realizing a light-
weight product. Since a very high torque is not borne
between the support end 21 and the intermediate flange
23, the hollow portions 14 are preferably located between
the support end and the intermediate flange. If permitted
by performance, hollow portions may be also formed at
the input end 22 or other positions. It can be understood
that in other embodiments, in case that the performance
of the ring gear shaft 20 is ensured, the number, shape
and arrangement of the hollow portions can be changed.
Those skilled in the art will understand that whether the
performance design of product meets requirements of
working conditions can be verified by finite element cal-
culation.

[0031] It can be seen from Fig. 5 that in this embodi-
ment, the inner cavity of the shaft wall of the ring gear
shaft 20 is a step-like mold cavity, and the thicknesses
of the shaft wall at the support end 21 and the input end
22 are different. Specifically, considering that the input
end 22 of the gear shaft 20 has to provide torque trans-
mission, the thickness of the shaft wall at the input end
25b can be larger than that of the shaft wall at the support
end 25a. The step-like structure can make the structure
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lightweight, and meanwhile can increase the space of
the inner cavity of the shaft, thus increasing the gap with
an inner shaft. The inner cavity structure of the shaft wall
can be formed by casting or machining (without being
limited thereto), etc. Preferably, the structure can be
formed directly by a sand core during casting, and can
meet the requirement of minimum gap with the inner shaft
without the need for subsequent machining.

[0032] More preferably, the ring gear shaft 20 in this
embodiment can be manufactured by casting using a
spheroidal graphite iron material. For example, the sphe-
roidal graphite iron material can be QT700-10. Using this
spheroidal graphite iron material greatly improves the re-
liability of casting the ring gear shaft. It can be known that
in this casting method, a blank of the ring gear shaft can
be firstly cast using a sand mold casting process so that
the blank has an inner cavity and hollow portions, and
then the outer cavity of the blank can be machined so
that the gear shaft is formed.

[0033] Fig. 6 shows a schematic state in which the ring
gear shaftin Figs. 4 and 5 is on a casting core. The solid
lines show the casting core 30, and the dashed lines show
the ring gear shaft 20.

[0034] It can be seen that in this sand molding casting
process, a main body part of the core forms an inner
cavity of the blank of the ring gear shaft, and a radial
extension 31 from the main body of the core forms the
hollow portion of the blank of the ring gear shaft. After
the blank of the ring gear shaft is removed from the core,
the outer cavity of the blank is machined so that the gear
shaft is formed. The method of manufacturing has a very
high production efficiency and a low manufacture cost,
thus making it suitable for massive production. Mean-
while, the inner cavity portion and the hollow portions can
be formed by one-step casting using a core. In this way,
the inner cavity and the hollow portions can be formed
without the need for machining, thus improving the pro-
duction efficiency of machining at a later stage and re-
ducing production cost; sand core casting has a higher
accuracy then forging, and can preserve a smaller ma-
chining allowance, thus greatly improving the production
efficiency of machining and reducing the cost of finished
product.

[0035] Through the above detailed description of the
ring gear shaft or the like, those skilled in the art will con-
ceive an apparatus equipped with the ring gear shaft,
which for example comprises butis not limited to a vehicle
power take-off unit or a vehicle.

[0036] Thetechnical scope oftheinventionisnot mere-
ly limited to the above description, and those skilled in
the art can make various variations and modifications to
the above described embodiments without departing
from the technical concept of the invention, and all these
variations and modifications should fall into the scope of
the invention.
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Claims

1. A power take-off unit ring gear shaft, characterized
in that the gear shaft has an annular shaft wall which
surrounds a hollow inner cavity that extends through- 5
out the entire gear shaft in an axial direction, and
hollow portions are formed in the shaft wall.

2. The gear shaft according to claim 1, wherein the hol-
low portions are evenly distributed in the circumfer- 70
ential direction in the shaft wall.

3. Thegear shaft according to claim 1 or 2, wherein the
gear shaft has a support end that is adapted to be
mounted to a power take-off unit case via a bearing, 75
and an intermediate flange that is adapted to fix a
bevel gear, wherein the hollow portions are located
between the support end and the intermediate
flange.

20

4. The gear shaft according to claim 1, wherein the in-
ner cavity is a step-like mold cavity.

5. Thegearshaftaccording to claim 4, whereinthe gear
shaft has an input end that is opposite to the support 25
end, and the thickness of the shaft wall at the input
end is larger than that of the shaft wall at the side of
the support end.

6. Thegearshaftaccordingtoclaim 1, whereinthegear 30
shaft is made of spheroidal graphite iron material.

7. The gear shaft according to claim 6, wherein the
spheroidal graphite iron material is QT700-10.
35
8. An apparatus comprising a gear shaft according to
any of claims 1to 7.

9. The apparatus according to claim 8, wherein the ap-
paratus is a vehicle power take-off unit or a vehicle. 40

10. A method for manufacturing a gear shaft according
to any of claims 1 to 7, wherein the method compris-

es:
45
step A: using a sand mold casting process to
cast a blank of the gear shaft, wherein the blank
has the inner cavity and the hollow portions; and
step B: machining an outer cavity of the blank
so as to form the gear shaft. 50
55
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